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Abstract- Toward the improved prediction and monitoring of 
deep-water currents and eddies in the Gulf of Mexico, the Gulf 
Eddy Monitoring System group (GEMS; researchers from 
University of Southern Mississippi, University of New Orleans, 
University of Louisiana at Lafayette, and the Naval Research 
Laboratory) proposes that a network of acoustic transmitter-
receiver pairs be deployed in the northeastern Gulf of Mexico.  
Acoustic travel times are inverted to recover temperature and 
velocity between transmitter-receiver pairs.  This data can be fed 
into ocean dynamical models to improve simulation and 
prediction of the circulation in the deep ocean.  While a proven 
technique, it has only recently been used successfully in deeper 
waters.  The location is ideal for this type of tomographic 
application for its predictable oceanic parameters and convenient 
geomorphology.  With a sound-channel axis at about 900 m, a 
lower power output transmission is required, thus providing 
negligible impact on marine mammals.  Because no other 
technology can be used to monitor for similar events, we are 
introducing this method to the marine technology community.  

I. INTRODUCTION 

As the potential increases for impact of catastrophic 
hurricanes on coastal communities surrounding the Gulf of 
Mexico, the need increases for improved prediction and 
monitoring of regional weather systems.  Currents well below 
the ocean surface have been observed to flow as fast as 2 m/s 
(see Fig 1) and have the ability to influence regional weather.   
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Figure 1. Velocity profiles measured every 10 minutes for 4 hours on Jan 26th, 

off the coast of Angola; from [1].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Sea surface height as measured by TOPEX/ERS-2; overlaid by the 
proposed GEMS Tomographic network of transmitter-receiver pairs (black 

lines). 
 
 
The lack of timely and reliable data regarding the location 

and magnitude of deep-water currents continues to be an issue 
for the oceanographic community [1].  While there are 
programs that try to describe and model these currents and 
eddies, these efforts lack the ability to describe the complete 
internal 3-D structure.  The current state of knowledge on the 
structure as well as the spatial and temporal variability of these 
deeper currents is, unfortunately, still in its infancy.  

GEMS proposed network  
The Gulf Eddy Monitoring System (GEMS) group proposes 
that a network of acoustic transmitters/receivers be deployed 
for the continuous monitoring of deep currents and eddies in 
the northeastern Gulf of Mexico (see Fig. 2) [2].  In such a 
network, the travel times of acoustic signals propagating in the 
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depths at select frequencies can be carefully measured and 
inverted to recover ocean temperature and current velocity 
between transmitter/receiver pairs.  Fig. 3 shows the theoretical 
paths of sound rays traveling between transmitter-receiver 
pairs.  Note that rays which pass through deeper waters are first 
to arrive while rays which travel along the sound channel axis 
arrive last and maintain their intensity.  The difference between 
the predicted and observed eigenray arrival structure conveys 
information about along-track sound speed.  This sound speed 
can be inverted to calculate the oceanic parameters between the 
transmitter and receiver.   

Deep-water Acoustic Tomography 
This technology was first conceived of many years ago [3], 

but has since only been applied in shallow waters.  This proven 
technology can be used for the continuous remote sensing of 
the parameters needed to describe the flow the deep ocean [4].  
This data can also be fed into ocean dynamical models to 
improve simulation and prediction of the circulation in the 
deep ocean [5,6]. 

Why the Gulf of Mexico? 
Aside from it’s proximity to the United States (i.e. it’s direct 

impact on local weather systems), the Gulf of Mexico is the 
ideal location for the type of monitoring network the GEMS 
group proposes.  A contained sea with coastal margins, its 
deeper waters have a very stable temperature and salinity 
signature composed of essentially two distinct water types.  
Eddies composed of Caribbean water pass through Gulf-proper 
water, while mixing only occurs at transition regions and 
boundaries (see Fig. 4).  Above the sound channel axis, sound 
speed is a function of water type, and changes proportionately 
with temperature.  Below this axis, no water type effects exist 
and sound speed is proportional to pressure.  

The northeastern Gulf of Mexico has a sound-channel axis 
(depth of sound-speed minimum: ~900 m), which supports 
convergence-zone propagation to depths of 1,200 to 3,000 m.  
This helps concentrate sound signals, requiring a low power 
output transmission, minimizing marine mammal impact. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 3. Theoretical paths of acoustic waves (eigenrays) traveling through 
deeper waters arrive first while rays which travel along the sound channel axis 
arrive last and maintain intensity.  Gulf of Mexico sound speed profile (left). 

 
Figure 4. Sound-speed profiles of the three distinct water types found in the northeast Gulf 

of Mexico.  Note the similarity below 1200 m.  
 
 

Impact on marine mammals 
With the understanding that underwater noise can have 

significant impact on local wildlife, much effort was made to 
conservatively balance the need for adequate sound 
transmission while minimizing the impact on marine mammals.  
The proposed power output level of 190 dB is an accepted 
standard based on over a decade of work done under the 
Littoral Acoustic Demonstration Center (LADC).  This 
research was performed in several regions including, but not 
limited to, the eastern Gulf of Mexico [7,8].  This output level 
is on the order of the output at which certain mammal species 
communicate with one another over long distances. 

What about other methods? 
While other methods are powerful, their inherent drawbacks 

make them unable to properly monitor the deep Gulf of 
Mexico currents and eddies. Satellites are often used to 
monitor large oceanic regions like the Gulf of Mexico, but are 
unable to sense data from below the ocean surface.  Buoys, 
expendable sensors, and ship surveys provide some 
information about the flow, conductivity, and temperature 
beneath the surface but are sparse and sporadic in both space 
and time. 
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